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INTRODUCTION 


This  is  the  third  of  three  quarterly  reports  submitted 
under  this  contract.  The  purpose  of  this  contract  is  to  develop 
an  improved  approach  to  the  communication-electonic  system  inte¬ 
gration  investigating  the  use  of  computerized  analytical  tools 
such  as  IEMCAP  in  conjunction  with  the  overall  EMI  test  pro¬ 
cedures  of  MIL-STD-461A  and  462  to  develop  a  more  meaningful  and 
economical  approach  to  defining  the  system  EMI  problems.  The 
analytical  techniques  provide  guidance  and  insight  into  system 
characteristics  that  will  allow  for  effective  utilization  of 
measurement  resources  and  time.  The  contract  results  will  lead 
to  the  establishment  of  an  interactive  EMI/EMC  analysis  and 
measurement  procedure  that  will  provide  the  basis  for  a  meaning¬ 
ful  EMI  intrasystem  measurement  standard.  In  pursuit  of  the 
contract  goals,  this  quarterly  report  contains  a  description  of 
broadband  measurement  techniques  and  an  evaluation  of  the  re¬ 
quired  EMI/EMC  test  procedures  and  limits. 

This  is  a  four  section  report.  In  addition  to  this 
introductory  section,  Section  2  describes  third  quarer  events, 
Section  3  describes  the  work  accomplished  in  the  third  quarter 
and  Section  4  describes  the  work  planned  for  the  final  quarter 
of  the  project. 
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2.  THIRD  QUARTER  EVENTS 

Third  quarter  events  included  a  meeting  at  USACORADCOM 
on  14  February  1980  which  concentrated  technical  effort  in  two 
major  project  areas.  They  were  the  completion  of  the  broadband 
measurement  technique  development  and  the  evaluation  of  the 
MIL-STD-461A  test  procedures  and  limits. 

The  14  February  meeting  allowed  Atlantic  Research 
project  personnel  to  consult  with  USACORADCOM  personnel  on  the 
broadband  measurement  technique  effort  and  some  proposed  changes 
to  MIL-STD-461A  limits  based  on  EMI/EMC  computer  analysis  which 
would  be  performed  prior  to  MIL-STD-461A  testing  of  a  system  and 
the  use  of  the  broadband  measurement  techniques  that  were  being 
developed  for  the  EMI/EMC  testing.  Additionally,  the  second 
quarterly  report  was  discussed  since  it  contained  a  great  deal 
of  this  information.  In  attendance  at  the  meeting  were: 

USACORADCOM  -  Warren  Kesselman 

-  Paul  Major 

*  Stuart  Albert 

Atlantic  Research  -  William  Duff 

-  Lester  Polisky 

-  John  Savage 
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*•  WORK  ACCOMPLISHED  IN  THIRD  QUARTER 

The  work  in  the  third  quarter  has  corapletly  defined  a 
broadband  emission  measurement  technique  from  14  kHz  to  10  GHz 
and  has  produced  an  initial  evaluation  of  the  MIL-STD-461A  limits 
and  MIL-STD-462  measurement  procedures. 

For  MIL-STD-461A  defined  Class  IIIA  equipments  the 
broadband  emission  measurement  technique  will  be  directly 
applicable  since  only  emission  tests  are  required.  They  are  REOF 
and  CE03.  However,  for  intrasystem  EMI/EMC  testing  of  Class  IIIA 
equipments  or  EMI/EMC  testing  of  Class  I  or  Class  I  equipments 
broadband  measurement  techniques  may  only  be  applied  for  some  of 
the  required  measurements.  The  same  condition  applies  to  auto¬ 
mated  measurement  techniques.  Broadband  and  automated  measurement 
techniques  are  not  amenable  to  some  of  the  MIL-STD-462  measurement 
procedures.  Table  12  lists  these  measurements.  In  the  fourth 
quarter  this  problem  will  be  examined  further  and  alternative 
test  techniques  suggested  where  possible. 

A.  Broadband  Measurements  of  Emission 

In  the  previous  Quarterly  Report,  a  hypothetical  Broad¬ 
band  Measurement  System  based  on  a  crystal -video  receiver  and 
broadband  antennas  was  analyzed  for  factors  affecting  its  practi¬ 
cal  realization.  Expressions  were  presented  for  sensitivity  to 
CW  and  impulse  signals  in  the  presence  of  receiver  noise.  The 
sensitivity  was  shown  to  be  adequate  for  MI L-STD-461 -type  measure¬ 
ments.  The  concept  was  then  advanced  that  an  impulse -to -CW 
response  ratio  can  be  specified  by  controlling  the  post-detection 
to  pre-detection  bandwidth  ratio,  and  that  the  response  to  all 
other  types  of  signals  will  fall  somewhere  between  the  CW  and 
impulse  responses.  This  concept  was  used  to  generate  a  hypo¬ 
thetical  Broadband  Measurement  Specification  reflecting  suitable 
changes  in  the  RE02  limits.  Examination  of  the  impulse  levels 
that  would  have  to  be  handled  in  the  hypothetical  system  during 
measurements  to  the  new  limits  revealed  that  an  impractical 
detector  drive  level  of  hundreds  of  peak  watts  would  be  required 
to  provide  sufficient  dynamic  range. 


This  Quarterly  Report  finds  a  solution  (up  to  1  GHz)  to 
the  dynamic  range  problem  in  improved  state-of-the-art  detector 
sensitivity  and  reduction  of  RF  gain  to  provide  detector-noise- 
limited  operation  as  opposed  to  input-noise-limited  operation. 

The  gain  reconfiguration  results  in  generation  of  a  second-cut 
hypothetical  Broadband  Measurement  System  block  diagram.  Results 
of  laboratory  measurements  using  CW  (representing  the  simplest 
narrowband  signal),  white  noise  (representing  worst-case  uncorrel¬ 
ated  broadband  signals)  and  impulses  (representing  worst-case 
correlated  broadband  signals)  are  then  presented  to  verify  the 
mathematics  of  the  previous  Quarterly  Report.  A  discrepancy  in 
the  noise  verification  leads  to  an  improved  mathematical  model  for 
the  handling  of  noise  by  the  detector.  Finally,  criteria  for  a 
realizable  Broadband  Measurement  System  are  set  forth. 

1)  Improved  Broadband  Measurement  System 

The  hypothetical  Broadband  Measurement  System  presented 
in  the  previous  Quarterly  Report  suffered  from  inadequate  dynamic 
range  to  handle  worst-case  impulse  signals .  The  thought  of 
improving  the  situation  by  using  several  detectors  in  series  with 
progressively  smaller  bandwidths  between  them  was  quickly  abandon¬ 
ed  when  it  was  realized  that  the  dynamic  range  requirement  is 
squared  in  every  square-law  detector  through  which  the  signal 
passes.  Other  standard  dynamic  range  extension  mean.?  such  as 
feedback  linearization,  logarithmic  amplification  ai.  progressive 
detection  are  out  of  the  question  because  of  the  extremely  wide 
bandwidths  required.  Breaking  up  the  five  bands  into  subbands 
for  parallel  analysis  is  workable  but  would  complicate  the  system 
and  probably  make  it  prohibitively  expensive. 

The  dynamic  range  problem  focusses  on  the  detector.  The 
RF  amplifiers  preceeding  the  detector  will  have  sufficient  dynamic 
range  if  their  gains  can  be  reduced.  The  gains  are  excessive 
because  the  detector  is  not  sensitive  enough  alone.  A  simple 
solution  presents  itself  if  the  detector  sensitivity  can  be 
improved  and/or  other  means  found  to  reduce  the  RF  amplifier  gain 
required . 
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a) 


Wide  Dynamic  Range  Detectors 

Up  to  this  point,  the  detectors  used  in  the  hypothetical 
Broadband  Measurement  System  have  been  assumed  to  have  a  nominal 
-55  dBm  tangential  sensitivity.  Driven  by  typical  amplifiers  with 
+13  to  +29  dBm  output  capability,  this  leads  to  dynamic  ranges  of 
68  to  84  dB.  Dymanic  ranges  of  70  to  100  dB  are  required  if  the 
system  is  to  function  with  r*20  dB  as  intended,  where  r  is  the 
broadband  to  narrow  band  response  ratio. 

Further  investigation  of  diode  detector  technology  dis¬ 
closes  that  low-barrier  Schottky  detector  diodes  are  not  available 
from  Hewlett-Packard  with  voltage  sensitivites  as  high  as  30  mV/yW 
(compared  with  0.4  mV/yW  for  the  older  point -contract  diodes.) 
Investigation  also  discloses  that  tangential  sensitivity  is  a 
complex  function  of  diode  voltage  sensitivity,  bandwidth,  bias  and 
1/f  noise.  A  considerable  improvement  in  dynamic  range  can  be 
affected  if  calculated  tangenetial  sensitivity  values  are  used  in 
the  system  performance  evaluation  instead  of  nominal  values. 


Tangential  sensitivity,  Tgs  ,  for  a  detector  is  commonly 
defined  as  the  signal  input  required  for  an  output  signal -to -noise 
ratio  of  8  dB.  Thus: 


8  dB 


where  VgQ  is  the  RMS  signal  output  voltage  and  is  the  RMS  noise 

output  voltage,  both  in  dByV  for  a  CW  (or  non-bandwidth-limited 
pulse)  input  signal. 


Typical  data  from  Hewlett-Packard  describing  low-barrier 
Schottky  diodes  optimized  for  detector  usage  show  a  dynamic  trans¬ 
fer  characteristic  with  a  square-law  region  at  low  signal  levels 
and  a  linear  region  at  high  signal  levels,  which  is  typical  of 
most  detector  diodes. 


In  the  square-law  region: 
7Rq?i 

vo  * 


(i) 


where  1  is  the  voltage  sensitivity  of  the  diode  in  mV/yW,  Rq  is 
the  detector  output  load  resistance  in  ohms,  Ry  is  detector  diode 
internal  video  resistance  in  ohms,  Pj  is  signal  power  input  in  yW 
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and  Vq  is  detected  signal  output  in  mV.  A  lossless  return  path 
is  assumed  to  exist  for  the  video  through  the  RF  source. 

Converting  to  decibels  and  standardizing  units  with  a 
50-ohm  input,  Equation  (1)  becomes: 

20  log10  vs0  -  20  log10!(10-3W0  log10  [4r 

V  2  u  v 

+  20  log^o  -gQ  >  from  which 

VS0  ‘  20  lo8l0’*20  loSlO  *2Vsi-94  dB“V  (2) 

where  VSQ  and  Vgj  are  in  dByV. 

There  are  two  noise  sources  associated  with  V^:  thermal 
noise  in  RQ,  and  shot  and  flicker  noise  in  Ry.  Since  RQ  must  be 
small  in  comparison  to  Ry  in  order  to  realize  the  wide  bandwidth 
required  by  an  average-responding  detector,  RQ  will  determine  the 
source  resistance  seen  by  the  video  amplifier  and  the  noise  voltage, 
eRQ,  contributed  by  RQ  and  the  video  amplifier  will  be: 

eRO  =  (-3-) 

where  4kTB^  is  the  thermal  noise  power  generated  in  output  bandwidth 
Bq  and  F  is  the  noise  figure  of  the  output  video  amplifier. 

The  diode  video  resistance,  Ry,  contributes  both  shot 
noise  which  has  a  flat  frequency  characteristic  and  excess  flicker 
noise  which  has  a  1/f  characteristic.  There  is  also  some  thermal 
noise  in  the  connection  resistance  component  of  Ry,  but  this  is 
generally  negligible  in  comparison  with  shot  and  flicker  noise  in 
the  barrier  resistance.  Since  the  detector  must  operate  down  to 
DC,  flicker  noise  is  important  in  this  application.  Fortunately, 
detector  diodes  for  doppler  radar  must  operate  at  low  video  fre¬ 
quencies  so  considerable  attention  has  been  paid  to  controlling 
flicker  noise  in  recently  developed  diodes.  The  noise  voltage, 
e^y,  contributed  by  Ry  will  be: 

eRV  *  /4kTBQRytd  (4) 

where  td  is  the  diode  noise  temperature  ratio.  It  is  interesting 

to  note  that  td  can  be  less  than  unity  for  Schottkv  diodes  in  the 

absence  of  flicker  noise  (i.e.,  at  high  video  frequencies’).* 

1.  A.  M.  Cowley  and  H.  0.  Sorensen:  "Quantitative  Comparison  of  Solid-State 
Microwave  Devices."  IEEE  Transaction  on  MTT,  Vol.  14,  No.  12,  December  1966. 


The  RMS  sura  of  eRQ  and  eRV  at  the  video  amplifier  input 
from  the  equivalent  circuit  in  Figure  1  is: 


Converting  to  decibel  notation: 


2/R  R 

VN0  =  20  loglO“R0+Rv  +  10  log10kTB0  +  1}  1Og10t-  VF+ROtd') 


For  tangential  sensitivity  VSI  =  Tgs  and 


2Tss  =  fV;3  +8)’20  log10  :j  '20  lo§ 


10  R^ 


+  94 


->  ^  ~p— 

■  102  *  20  lo®10  *  10  IoSl0llTB0  *  101og10(RVF'’R0td) 


-  20  log10  J  -20  log10  ^ 


'  2 

Rv  F  _  -10  login  3  +Cf  dBnV  ... 

Tss  -  12-1*51O8l0BO*51<-8l0  ° 


where  Cf  is  an  RF  input  frequency  correction  factor  in  dB. 


CB 


Rg  »  diode  connection  resistance 
Rg  »  diode  barrier  resistance 
Cg  =  diode  barrier  capacitance 
Rq  =  video  amplifier  input  resistance 
e^v  =  diode  noise  voltage 

eR0  =  video  amplifier  equivalent  input  noise  voltage 


Figure  !•  Detector  Equivalent  Circuit. 


* 
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Selecting  the  Hewlett-Packard  5082-2824  diode  for  use 
below  1  GHz  because  of  its  low  flicker  noise  and  high  reverse 
voltage  rating  provides  values  of  Ry  *  1500  ohms  and  ?  *  6  mV/l  W 
for  band  1  and  2  of  the  Wideband  Measurement  system  hypothesized 
in  the  previous  Quarterly  Report.  Selecting  the  5082-2"55  diode 
for  use  above  1  GHz  because  of  its  wide  frequency  response  pro¬ 
vides  values  of  Ry  *  1500  ohms  and  3  *  5  mV/yW  for  Bands  3 
through  5. 


Values  of  diode  temperature  ratio,  t^,  were  obtained  by 
replotting  catalog  data  provided  by  Hewlett-Packard  and  extrap¬ 
olating  down  to  the  low  video  frequencies  required  by  the  Wideband 
Measurement  System  as  shown  in  Figure  2.  The  extrapolation 
assumes  that  flicker  noise  power  increases  inversely  with  fre¬ 
quency  in  accordance  with  the  relationship 


where  f^  is  the  flicker  noise  corner  frequency  T3  dB  point  on 
excess  noise  curve)  and  f^  is  the  incremental  video  output  fre¬ 
quency.  Integrating  Atd  between  the  lower  edge,  fL,  and  the  upper 
edge,  fy,  of  the  video  output  bandwidth , Bq .  results  in  the 
following  expression  for  the  effective  noise  temperature  ratio, 
t^,  within  the  output  bandwidth: 

ff» 

td  -  0  ‘  £  «o 


Figure  2.  Diode  Flicker  Noise,  25°C,  20yA  Bias. 


td  fU  "  *-ln  *U  '  ln 

td  *  fU  ‘  fL+  f N  ln(fU/fL} 


B 


0 


f 


L 


B0 

fN  ln(j2  *  i) 


(9) 


From  Figure  2,  the  flicker  noise  corner  frequency  for 
the  HP  SOSZ-Z^SS  diode  is  2.4  kHz,  and  for  the  HP  5082-2824 
diode  is  400  Hz.  The  effective  noise  temperature  ratio  for  the 
latter  diode  used  in  Band  1  of  the  hypothetical  Broadband  Measure¬ 
ment  System  is  thus: 


Cd  -  B0  *  fN  ln'^  *  ” 

=  50  +  400  ln^  + 

-  1623 

td  =  32.1  dB 

Values  of  t^  for  the  various  bands  in  the  hypothetical  Broadband 
Measurement  System  are  listed  in  Table  1. 
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Table  l. 


Diode  Noise  Temperature  Ratios  For  Hewlett-Packard  5082-2755  Diode 


Band 

Frequency 

Video  Output 
Bandwidth,  BQ 

Diode  Noise 
Corner, 

Diode  Temperature 
Ratio,  t^ 

1 

lOkHz-lOOMHz 

50Hz 

2400Hz 

39.8  dB 

2 

100- 1000MHz 

5.5 

2400 

36.5 

3 

1-4GHZ 

1.7 

2400 

33.8 

4 

4-7 

1.7 

2400 

33.8 

5 

7-10 

1.7 

2400 

33.8 

Diode  Noise  Temperature  Ratios 

for  Hewlett- 

Packard  5082-2824  Diode 

Band 

Frequency 

Video  Output 
Bandwidth,  Bq 

Diode  Noise 
Corner, 

Diode  Temperature 
Ratio,  t^ 

1 

lOkHz-lOOMHz 

50Hz 

400Hz 

32 . T  dB 

2 

100- 1000MHz 

5.5 

400 

28.8 

3 

1-4  GHz 

1.7 

400 

26.0 

4 

4-7 

1 .7 

400 

26.0 

5 

7-10 

1.7 

400 

26.0 
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Although  the  output  of  the  detector  will  be  DC  coupled, 
has  been  taken  as  1  Hz  in  the  above  calculation  so  that  the 
results  will  be  determinate.  A  value  of  *  0  leads  to  a  pre¬ 
diction  of  infinite  noise  near  DC  which  does  not  agree  with 
reality.  A  value  of  f^  =  1  Hz  assumes  that  the  flicker  noise 
contribution  below  1  Hz  will  be  negligible.  Because  the  hypo¬ 
thetical  Broadband  Measurement  System  operates  with  video  output 
bandwidths  of  only  a  few  hertz,  the  accuracy  of  this  assumption  is 
fairly  critical  and  should  be  the  subject  of  further  study. 

A  correction,  C^,  for  the  falloff  in  Tsg  at  high  micro- 
wave  frequencies  due  to  junction  capacitance  effects  was  obtained 
from  Hewlett-Packard  catalog  data,  extrapolating  where  necessary." 


The  tangential  sensitivity  for  Band  1  was  calculated 
using  Equation  (7)  as: 
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5  log 
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10  50  *  5  !°SlO 


Vd 


1500"  (2)  , 
' "  ?0'  — 
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1500(1623)1 


-  10  log1Q6  +  0 


=  12.1  +  8.5  +  32.0  -7.8+0 


-  44.8  dBuV 

Examination  of  the  third  term  in  the  above  equation  discloses 
that  diode  flicker  noise  is  27  times  amplifier  input  noise.  A 
considerable  improvement  in  T  could  be  realized  if  flicker 
noise  could  be  reduced  by  reducing  bias  current,  but  the  increase 
in  Ry  accompanying  the  decrease  in  bias  current  results  in  a  net 
loss  in  Tsg.  Calculated  values  of  T?s  are  listed  for  the  two 
diodes  in  Table  2. 


2.  "Diode  and  Transistor  Designer's  Catalog”  Hewlett-Packard 
Components,  1980,  p.  110. 


Table  2. 

Calculated  Tangential  Sensitivity 


For  Hewlett-Packard  5082-2755  Diode 


Band 

Frequency 

B 

_o 

y 

id 

if 

l  3  O 

Voltaqe 

Wattaqe 

1 

lOkHz-lOOMHz 

50Hz 

5uV/yW 

39 . 8dB 

OdB 

49 . 4dByV 

-57.6dBm 

2 

lOO-lOOOMHz 

5.5 

5 

36.5 

0 

43.0 

-64.0 

3* 

1-4  GHz 

1.7 

5 

33.8 

0 

39.1 

-67.9 

4* 

4-7  GHz 

1.7 

5 

33.8 

1 

40.1 

-t6.9 

5* 

7-10  GHz 

1 .7 

5 

33.8 

3 

42.1 

-64.9 

For  Hewlett-Packard  5082- 

■2824  Diode 

B 

0 

id 

r 

Tss 

Band 

Frequency 

■j 

_F 

Voltaqe 

Wattage 

1* 

lOkHz-lOOMHz 

50Hz 

6mV/uW  32. IdB 

OdB 

44.8dByV 

-62 . 2dBm 

2* 

lOO-lOOOMHz 

5.5 

6 

28.8 

1.3 

39.8 

-67.2 

3 

1-4GHZ 

1.7 

6 

26.0 

5.2 

39.9 

-67.1 

4 

4-7GHZ 

1.7 

6 

26.0 

9.1 

43.8 

-63.2 

5 

7-lOGHz 

1.7 

6 

26.0 

13.0 

47.7 

-59.3 

‘Selected  for  use 

in  the 

Broadband  Measurement  System 

14 
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The  detector  diodes  used  in  the  above  calculations 
were  assumed  to  be  biased  with  20UA  of  DC  current  to  achieve  the 
results  indicated.  This  bias  current  is  optimum  for  operation  at 
an  RF  input  frequency  of  10  GHz.  More  complete  data^  indicates 
that  flicker  noise  corner  frequency  varies  directly  with  bias 
current  and  shot  noise  increases  with  bias  current.  A  few  dB 
improvement  over  the  Tgs  values  in  Table  2  is  probably  possible 
by  optimising  bias  current  for  each  band,  instead  of  using  a 
fixed  value  of  20pA. 

Schottky  diodes  intended  for  zero-bias  operation  are 
also  available  from  Hewlett-Packard,  but  no  noise  data  is  presented 
in  the  catalog.  Elimination  of  bias  current  should  eliminate 
flicker  noise  and  greatly  improve  Tgs  for  DC-coupled  detectors. 
Unfortunately,  video  resistances  tend  to  be  much  higher  than  for 
biased  diodes,  although  the  2000-8000  ohms  shown  for  some  newer 
types  is  a  considerable  improvement  over  early  types  that  had  video 
resistances  on  the  order  of  a  megohm.  Tangential  sensitivities 
and  voltage  sensitivities  for  the  new  diodes  are  quite  good, 
coming  within  a  couple  of  dB  of  biased  diodes.  Very  low  reverse 
breakdown  voltages,  on  the  order  of  0.2  volt,  tend  to  prevent 
their  application  in  systems  requiring  wide  dynamic  range  as  are 
being  analyzed  here. 


3.  Application  Note  923,  Hewlett-Packard. 
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b)  Dynamic  Range  Improvement 

The  calculated  tangential  sensitivity  (T  )  values 
listed  in  Table  2  are  a  considerable  improvement  over  the  nominal 
value  of  -55  dBm  used  previously.  Assuming  that  the  system  can 
achieve  a  satisfactory  false  alarm  rate  (a  false  alarm  would  be  a 
tripping  of  the  go/no-go  indicator  in  the  absense  of  emissions 
above  the  new  specification  limits)  with  input  levels  equal  to  T  c, 
optimum  use  can  be  made  of  the  improvement  by  changing  the  RF 
amplifier  gains  in  the  hypothetical  Broadband  Measurement  System 
so  that  narrowband  signals  at  the  new  specification  limits 
(Hypothetical  Broadband  Measurement  Specification,  First  Cut, 

Figure  6  of  second  Quarterly  Report)  reach  the  detectors  at 
levels  just  equal  to  Tss<  The  required  gains,  calculated  as  T<.<. 

-  (Specification  Limit  Field  Strength  in  dBuV/m)  +  (Antenna 
Factor  in  dB/m) ,  are  listed  in  Table  3  over  the  frequency  range 
of  interest.  The  new  choice  of  amplifiers  is  shown  in  Table  4. 

The  gains  selected,  which  come  as  close  as  possible  to  the  required 
values  with  commerical  amplifiers  meeting  the  requi rements  for 
frequency  coverage  and  power  output,  are  considerably  reduced 
from  those  used  in  the  first-cut  system.  RF  amplifier  noise 
figure  is  now  of  secondary  importance  because  the  new  specification 
limits  are  substantially  above  the  system  noise  floor.  Because 
RF  amplifier  gains  are  no  longer  sufficient  to  raise  RF  input 
noise  up  to  the  detector  thresholds,  the  system  sensitivity  is 
now  detector/video-amplifier  noise  limited. 

The  improved  dynamic  ranges  and  the  data  used  in  their 
calculation  are  listed  for  each  band  in  Table  5.  Starting  with 
the  voltages  proiuced  at  the  terminals  of  artennas  immersed  in 
narrowband  (CW)  fields  at  the  new  specification  limits,  the  RF 
amplifier  gains  were  added  and  then  attenuated  until  the  detector 
inputs  just  equaled  Tss-  The  dynamic  ranges  for  CW  were  calcu¬ 
lated  by  subtracting  Tgs  from  the  RF  amplifier  (saturation)  or 
detector  (voltage  breakdown)  overload  point,  whichever  was  lower. 


Table  4. 

Wideband  Amplifier  Characteristics 

+  ldB  Frequency  Noise  Power  Total 


Band 

Manufacturer 

Model 

Response 

Gain 

F ifcure 

Output 

Gain 

1 

Avantek 

UA- 303(2) 

.002-300  MHz 

7x2  dB 

9  dB 

12  dBm 

1 

Avantek 

UA-304 

.002-300 

7 

11 

17 

21  dB 

2 

Avantek 

UA-405 

20-1000 

11 

10 

20 

2 

Avantek 

UA-408 

10-1000 

9 

12 

26 

20 

3 

Avantek 

AMG-4053 

1-4  GHz 

25 

4.8 

15 

25 

4 

Avantek 

AMT-8053 

4-8 

19 

6.0 

20 

19 

5 

Avantek 

AMT-12033 

7-12 

22 

5 . 5 

15 

22 

18 
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For  most  bands,  the  RF  amplifier  overloads  first  and  the  attenuation 
was  placed  at  the  amplifier  inputs.  (Output  attentuation  is  to  be 
preferred  over  input  attenuation  because  the  latter  increases  system 
noise  figure.  However,  output  attentuation  below  the  detector 
overload  point  reduces  dynamic  range  and  thus  should  not  be  used 
as  long  as  the  system  is  not  input-noise  limited.) 

For  impulses,  the  CW  specification  Limit  Detector  Input 
was  increased  by  r  =  ZOdBand  by  20  log^g  of  the  RF  bandwidth  to 
obtain  the  Impulse  Specification  Limit  Detector  Input.  This  was 
then  subtracted  from  the  RF  amplifier  or  detetor  overload  point, 
whichever  was  lower,  to  obtain  the  Impulse  Dynamic  Range.  N’ote 
that  workable  positive  values  now  exist  for  Bands  1  and  2,  and 
that  these  are  relative  to  the  new  First  Cut  Specification  Limits 
and  not  just  to  system  sensitivity,  as  were  the  dynamic  range 
figures  in  the  second  Quarterly  Report. 

The  system  CW  sensitivity  should  now  be  checked.  If 
the  newly  selected  amplifiers  have  too  high  a  noise  figure,  or 
if  too  much  attenuation  was  used,  the  detected  system  noise 
might  exceed  the  detected  specification  limit  ("threshold)  antenna 
output  and  the  system  would  not  work. 

The  overall  noise  figure,  F,  for  a  system  made  up  of 
several  stages  having  individual  noise  figures,  F  ,  and  individual 
gains,  Gn ,  is  given  by 


F 


Vi 


A,(F,-1)  A.fFj-1) 

+  +  cfcT"  + 


A  (F  -D 

-_n _ n _ 

GlG2Gn  - 1 


(10) 


where  is  the  attenuation,  if  any,  preceeding  a  particular 
amplifier  stage.  Note  that  attenuation  following  the  last  stage 
has  no  effect  on  noise  figure. 


The  Band  1  antenna  was  assumed  to  have  an  overall  noise 
figure  of  16.4  dB  including  a  5  dB  noise  figure  preamplifier.  The 
newly  selected  preamplifier  from  Table  4  has  a  noise  figure  of 
9  dB  instead  of  5  dB.  Using  the  above  equation,  the  noise  figure 
of  this  antenna  alone  is: 


G1F*A2F2+1 


l(log10-l  16.4/10)  -  l(log10-l  5/10)  +  1 

CD 

«  43.6  -  3.2  +  1 

■  41.4 

=  16.2  dB 

The  overall  Band  1  (A^  =  A,  =  A^  =  A4  =  1)  noise  figure  is 

VI  F  ,  - 1  F4-l 

F  F!  +  G^  + 


F 


41.4  + 


7.94-1  .  7.94-1 

~  1(2.2)  + 


12.6-1 

1(2. 2)2 


53.9 


17.3  dB 


The  new  noise  figures  for  the  various  hands  are  shown  in  Table  6. 
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System  Noise  Figure 


From  Equation  (9)  of  the  second  Quarterly  Report, 
the  peak  narrowband  input  required  for  peak  signal  equal  to  peak 
noise  in  the  output  of  the  detector  is: 

VSI  =  -0.4  F  +  5  1°S10  (2B0Bj  -Bq^)  'dBuY  (11) 

For  Band  1 : 

VSI  *  -0.4  +  17.3  +  S  log10(2(50xl0'6) (100)  -  fSOxlO'6)2] 

=  -0.4  +  17.3  -  10.0 

VSI  =  6.9  dByV 

which  is  considerably  more  sensitivity  than  is  needed  to  detect 
the  24  dByY  output  of  the  antenna  when  operating  in  a  field  equal 
to  the  new  Specification  Limit.  The  sensitivities  that  could  be 
possible  with  the  noise  figures  calculated  above  are  listed  in 
Table  6.  Most  of  the  excess  sensitivity  has  now  been  sacrificed 
in  the  interest  of  dynamic  range  by  reducing  RF  gain  to  the  point 
where  an  input  equal  to  the  possible  sensitivity  will  not  reach 
the  detector  threshold,  but  neither  will  system  inp>:t  noise.  If 
sufficient  gain  were  added  to  bring  Vgj  up  to  Tsg,  there  would 
be  a  RF  noise  safety  margin  for  Band  1  of  24  -  6.9  =  l".!  dB. 
Without  the  extra  (excess)  gain,  the  RF  noise  safety  margin  is 
doubled  to  34.2  dB.  The  RF  noise  margins  for  the  various  bands 
are  quite  adequate,  as  shown  in  Table  6.  (If  more  margin  were 
needed,  the  attenuation  could  be  partially  apportioned  between 
the  various  stages  to  lower  the  system  noise  figure  somewhat 
without  sacrificing  dynamic  range,  or  special  amplifiers  could  be 
specified  with  exactly  the  right  gains.) 


The  dynamic  ranges  shown  in  Table  5  are  adequate  for 
realistic  operation  of  the  system  in  Bands  1  and  2,  i.e.,  up  to 
1  GHz.  Above  1  GHz  narrowband  operation  is  satisfactory  but 
truly  broadband  worst-case  impulse  signals  will  cause  saturation 
before  their  presence  is  indicated  on  the  output  indicators. 

There  are  several  possible  approaches  to  the  wideband  interference 
measurement  problem  above  1  GHz; 

a.  MIL-STD-461  has  not  previously  been  applied  to 
broadband  interference  above  1  GHz.  It  could 
continue  to  be  ignored.  However,  the  Broadband 
Measurement  System  cannot  at  present  differ¬ 
entiate  between  broadband  and  narrowband  inter¬ 
ference  and  the  equipment  saturation  point  will 
have  to  be  standardized  if  consistent  measurements 
are  to  be  made  with  various  realizations  of  :he 
Broadband  Measurement  System. 

b.  The  RF  bandwidth  could  be  reduced  above  1  GHz. 

A  nominal  10  dB  improvement  is  required  which  will 
need  a  reduction  of  log1 Q ' 1 f 1 0/ 20 ) = 3 . 16  in  impulse 
bandwidth.  Going  to  1  GHz  bandwidths  above  1  GHz 
would  marginally  cure  the  problem  but  would  require 
11  bands  for  complete  coverage.  (2  bands  below  1  GHz 
and  9  bands  above  1  GHz) 

c.  The  inpulse/CW  response  ratio,  r  could  be  reduced 
from  20  dB  to  10  dB.  This  would  bring  the  new 
specification  limits  closer  together  than  present 
MIL-STD-461  and  cause  concept  acceptance  difficulties. 

For  the  present,  it  will  be  assumed  that  approach  a.  is  viable. 

There  is  little  likelihood  that  coherent  interference  occupying 
over  a  gigahertz  of  bandwidth  at  frequencies  between  1  and  10  GHz 
will  be  significant.  The  system  has  marginally  sufficient 
dynamic  range  to  handle  coherent  broadband  emissions  occupying 
up  to  1  GHz  of  bandwidth. 
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c) 


Broadband  Measurement  System,  Second  Cut 

The  preceeding  sections  outline  some  fairly  significant 
changes  in  the  hypothetical  Broadband  Measurement  System  since 
the  initial  design  in  the  second  Quarterly  Report.  Detector 
sensitivity  has  been  improved  through  use  of  state-of-the-art 
detector  diodes  and  the  design  concept  has  shifted  from  RF-input- 
noise-limited  operation  to  de tec  to r-output -no  ise - 1 imi ted  operation 
in  order  to  maximize  dynamic  range.  As  a  result,  a  new  RF 
amplifier  lineup  has  been  chosen  with  lower  gain.  These  changes 
and  more  have  been  incorporated  into  the  Second -Cut  Block  Diagram 
in  Figure  3. 

The  antennas  are  unchanged.  Single-pole,  double  throw 
(SPDT)  solid-state  RF  switches  have  been  added  between  the  antennas 
and  the  RF  amplifiers  to  connect  a  Cl'.'  calibrator.  The 
original  amplifiers  have  been  replaced  with  the  amplifiers  listed 
in  Table  4,  Full-wave  biased  detectors  that  will  have  to  be 
custom  built  using  state-of-the-art  diodes  replace  the  off-the- 
shelf  coaxial  detector  assemblies  previously  used.  A  sample-and- 
hold  circuit  with  analog-to -digital  (A/D)  converter  and  digital 
signal  processing  in  a  microcomputer  replaces  the  earlier  analog 
peak  detector. 

All  of  the  blocks  in  Figure  3  appear  to  be  readily 
realizable.  The  CW  calibrator  can  be  a  pair  of  Avantek  VTO-8240 
voltage-tuned  oscillators  hetrodyned  together  in  the  2.2  to  3 . 7  GHz 
range  to  produce  signals  in  each  band  under  frequency  control  of 
the  microcomputer.  A  specific  manufacturer  has  not  been  identified 
for  the  14  kHz  to  100  MHz  RF  switch  but  the  requirements  appear  to 
be  suited  to  f ield - ef f ect - t rans is t or  (FET)  switch  technology.  The 
video  filters  present  some  problems  in  that  a  filter  having  a  DC  to 
3  GHz  input  and  a  low-pass  output  of  a  few  hertz  is  unusual.  The 
main  requirement  is  that  the  filter  must  present  a  well -matched 
50-ohm  input  to  all  frequencies  from  DC  to  3  GHz  without  spurious 
responses.  The  filter  sharpness  is  not  critical  as  long  as  the 
impulse  bandwidth  is  controlled.  The  filter  should  be  realizable 
using  microwave  -  type  low-pass  components  to  avoid  parasitic 


reactances . 


Automatic  calibration  would  occur  every  few  seconds. 

The  rate  should  be  low  enough  that  the  ratio  of  measurement  time 
to  calibration  time  is  alrge.  The  microcomputer  would  first 
switch  the  RF  inputs  to  the  calibrator  and  make  system  noise 
measurements  on  every  band.  CW  signals  at  levels  corresponding 
to  the  new  specification  limits  would  then  be  sent  to  each  of  the 
inputs  and  the  output  from  each  band  measured  and  stored  sequen¬ 
tially.  Comparison  of  the  stored  calibration  levels  (S+N)  with 
the  noise  measurements  (N)  would  be  used  as  an  indication  of 
proper  system  operation  since  S+N  should  be  greater  than  N  alone. 
The  switches  would  then  reconnect  the  antennas.  Incoming  signals 
would  then  be  compared  with  the  stored  calibration  levels,  the 
differences  in  dB  computed  and  displayed,  and  the  no-go  light 
turned  on  if  the  levels  exceed  the  limits. 


Several  curves  were  obtained  experimentally  using  an 
unbiased  Hewlett-Packard  420B  Coaxial  Crystal  Detector  to  verify 
the  equations  developed  in  the  second  Quarterly  Report.  The 
detector  uses  a  negative -polarity  point -contact  diode.  Although 
frequency  response  is  rated  as  +_3.5  dB  from  0.01  to  12.4  GHz, 
the  only  limit  on  low  frequency  response  is  RF  leakage  through 
the  video  connector  and  the  experiments  were  successfully  carried 
out  at  frequencies  below  1  MHz  using  external  filters.  Voltage 
sensitivity  (3)  is  rated  as  0.1  mV/zW. 

a)  Detector  Conversion  Response 

The  crystal  detector  was  set  up  with  adjustable  filters 
initially  set  to  provide  a  100  kHz  to  1  MHz  pre - detect  ion  filter 
and  a  DC  to  100  kHz  post  detection  filter  as  shown  in  Figure  4. 

The  input  was  then  driven  in  turn  from  a  CW  generator,  a  noise 
source  and  an  impulse  generator.  .Amplifiers  were  used  as  necessary 
to  bring  the  drive  levels  up  into  the  operating  range  of  the 
crystal  detector. 

Curves  obtained  by  varying  the  peak  input  level  and 
measuring  the  peak  output  level  are  shown  in  Figure  5.  These 
curves  have  been  termed  Detector  Conversion  Response  curves 
because  the  presence  of  the  detector  is  necessary  to  convert 
energy  input  above  100  kHz  to  energy  output  below  100  kHz.  Note 
that  CW,  which  is  unaffected  by  bandwidth  ratios,  has  the  highest 
output.  Noise,  whose  power  is  affected  by  the  bandwidth  ratio, 
has  the  next  highest  output.  Impulses,  for  which  both  power  and 
peak  voltage  are  affected  by  the  bandwidth  ratio,  has  the  lowest 
output . 

Using  the  equations  developed  in  the  second  Quarterly 
Report  for  the  transfer  of  energy  through  a  square-law  detector, 
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where  Vjq  is  the  peak  impulse  voltage  output,  V^q  is  the  peak  CW 
signal  voltage  output,  I  is  the  RMS  impulse  voltage  input  per  unit 
bandwidth,  Bj  is  the  input  bandwidth,  is  the  peak  CK  signal 

voltage  input,  V^j.  is  the  peak  impulse  voltage  input  and 


b 


2BoVBo 


(13) 


where  Bq  is  the  output  bandwidth. 

Equation  (12)  can  be  generalized  to  an  nth-law  detector 
by  replacing  the  exponent  to  obtain: 
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Replacing  the  impulse  with  noise,  Equation  (14)  becomes: 
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(15) 


The  above  equations  are  purposely  kept  in  the  form  of 
ratios  so  that  many  of  the  system  constants,  such  as  the  detector 
voltage  sensitivity,  will  cancel  and  not  require  evaluation. 
Reasoning  along  the  same  line,  use  of  these  ratios  in  the 
hypothetical  Broadband  Measurement  System  reduces  the  effects  of 
hardware  variables.  The  equations  assume  that  peak  voltage  input 
translates  simply  to  peak  voltage  output  which,  as  will  be  seen 
later,  causes  errors  in  constants  which,  while  significant, 
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can  be  removed  by  calibration.  Converting  to  decibel  relation¬ 
ships,  Equations  (14)  and  (15)  become: 


20  losio^-  20  l°8io  b  *  "  'virvsi)  dB 

and 


(16) 


20  logl0  ^  =  10  lo§io  b  +  n(VSi-vsi)  dB  (I") 

where  the  voltage  inputs  are  in  peak  dBu  V. 

For  the  experimental  system  used  to  obtain  the  data  for 
Figure  5,  Bq  *  0.1  MHz  and  Bj  =0.9  MHz  (nominal  3  dB  bandwidths 
because  more  exact  impulse  bandwidths  are  not  available)  giving 
the  following  value  for  the  bandwidth  ratio  from  Equation  (13): 

b  =  2(0.1) (0 . 9)  -  (0 . 1)  " 

CO . 9) 2 

=  0.210 


10  log^pb  *  -6.8  dB 

20  log10b  =  -13.6  dB 


The  detector  response  law,  n,  can  be  obtained  from  the 
slope  of  the  curves  in  Figure  5  as  1.55.  Substituting  these 
values  into  Equation  (16)  gives  the  following  expression  for  the 
impulse-to-CW  response  ratio: 
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(18) 


ror  equal  inputs,  Equation  (18)  predicts  an  impulse -to - CW  output 
ratio  of  -13.6  dB.  This  compares  favorably  with  the  values  of  -12  to 
-14  dB  obtained  from  the  experimental  data  plotted  in  Figure  5  by 
scaling  the  vertical  separation  between  the  impulse  and  CW  response 
curves.  Values  for  several  calculated  and  measured  ratios  are 
compared  in  Table  7.  Good  correlation  between  calculated  and 
measured  values  are  shown  for  the  1.55-law  detector.  The  square- 
law  assumption,  shown  for  comparison,  entails  large  errors. 

Substituting  values  into  Equation  (17)  provides  the 
following  expression  for  the  noise-to-CW  response  ratio: 

V\0 

2°  log1Q  ^  =  -6.8  +  1.55(VNI-VSI)dB  (19) 

SO 

For  equal  inputs,  Equation  (19)  predicts  an  output  ratio  of 
-6.8  dB  which,  when  compared  with  the  experimental  value  of 
-2.7  dB  shows  a  rather  significant  4.1  dB  difference.  The  error 
is  consistant  over  a  range  of  input  ratios  as  can  be  seen  in 
Table  8,  indicating  that  the  detector  response  law  is  correct  but 
that  the  constant  is  off.  That  these  simplistic  general  equations 
predict  results  that  are  confirmed  as  closely  as  they  are  by 
measurements  on  an  arbitrary  experimental  system  is  a  tribute  to 
the  power  of  ratios. 

For  more  exact  results,  the  equations  require  some 
modification  to  apply  to  the  experimental  setup.  Referring  to 
Figure  4,  the  detector  was  operated  into  a  50-ohm  video  load. 

It  was  verified  experimentally  that  at  this  low  load  resistance, 
the  output  of  the  detector  was  a  half-wave  rectified  replica  of 
the  input  waveform  distorted  only  by  the  detector  response  law 
for  all  frequencies  of  interest  here  (i.e.,  no  peak  storage 
effects  occurred  in  the  output  bypass  capcitor.)  The  detector 
output,  when  passed  through  the  DC  to  100  kH;  output  low-pass 
filter,  thus  contains  the  average  value  as  a  DC  component  with 
whatever  detected  AC  components  will  pass  through  the  filter 
riding  on  it  (i.e.,  the  detector  operates  as  an  average  detector.) 
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Table  7. 


Impulse/CW  Detection  Conversion  Response 


vll'SI 

Measured 

V  /V 

10  SO 

Calculated 

V  /V 

10  so 

Square-Law 

Error 

1.55  Law 

Error 

0  dB 

-12  dB 

-13.6  dB 

-1.6  dB 

-13.6  dB 

-1.6  dB 

8 

0 

2.4 

2.4 

-  1.2 

-1.2 

16 

12 

18.4 

6.4 

11.2 

-0.8 

20 

19 

26.4 

7.4 

17.4 

-1.6 

24 

25 

34.4 

9.4 

23.6 

-1.4 

V  /v 

NI  SI 

Table  8. 

Noise/CW  Detector  Conversion  Response 

,  Calculated* 

Measured 

V  /V  V  /V  Error 

NO  SO  NO  SO 

0  dB 

-  2.7  dB 

-  6.8  dB 

-  4.1  dB 

8 

9.6 

5.6 

-  4.0 

16 

22.0 

18.0 

-  4.0 

20 

28.0 

24.2 

-  3.8 

24 

34.4 

30.4 

-  4.0 

*  For  1.55-Law  Detector  Using  Equation  (19) 


( 1 )  CW  Detailed  Analysis 

For  a  CW  input  of  =  A  sin  .t,  the  output  of  a 

square-law  detector  before  filtering  is: 


VS0  "  CVSI* 


CA-  sin-  ~t 


CA-  sin-  2nt 


where  Tg  is  the  period  and  A  is  the  peak  voltage  of  the  input 
sinewave,  and  C  is  a  detector  sensitivity  constant.  The  area 
under  the  half-wave  rectified  detector  output  when  plotted 
against  time,  t,  will  be: 


V2 


fA2  sin2  r2^' 


Area  *  !A-  sin-  dt 


A-  [  (Tg/4) - (s in  2 ") / ( 8  C/Ts ) 
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The  area  divided  by  Tg  is  the  average,  or  DC,  value  of  Thus 


VS0Ts 


CT  A' 
s 
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and  the  CW  output  from  the  experimental  detector  after  filtering 
should  be  one-quarter  of  the  peak  input  when  adjusted  for 
detector  sensitivity. 


Thus,  for  an  nth-law  detector: 


SO 


0.2 SC  V 


n 


SI 


(2  3) 


Use  of  a  detector  response  iaw  other  than  2  (i.e.,  square-law) 
will  have  an  effect  on  the  average  value  by  changing  the  ex¬ 
ponents  used  in  Equation  (20)  from  2  to  n,  but  this  makes  inte¬ 
gration  difficult.  The  effect  should  be  small  since  Vcn  only 
changes  from  A  /4  to  A/ Z  if  the  exponents  are  taken  all  the  way 
to  unity,  representing  a  maximum  possible  change  in  of 
-2.1  dB. 


(2)  Impulse  Detailed  Analysis 

The  impulse  spectrum  consists  of  a  series  of  equal 
amplitude  sine  waves  (Fourier  Components)  spaced  at  the  impulse 
repetition  frequency  across  the  input  bandwidth.  Thus  for  the 
experimental  setup  which  used  an  impulse  generator  synchronised  to 
the  power  line,  sine  wave  components  were  spaced  every  60  Hr  over 
the  input  bandwidth  from  0.1  to  1.0  MHz .  If  it  is  assumed  that 
each  of  these  sine-wave  components  is  half-wave  rectified  to 
produce  average  values  (which  add  algebraically  to  produce  the 
instantaneous  impulse  output)  in  the  same  manner  as  for  CV.' ,  then  it 
follows  that  the  peak  impulse  input  voltage  will  be  related  to 
the  peak  impulse  output  voltage  by  the  same  ratio  as  peak  CW 
input  is  related  to  peak  CW  output.  (For  CW,  the  peak  and  average 
output  values  are  synonymous  with  the  DC  component  after  filtering.^ 
The  experimental  data  bear  out  this  assumption.  Thus: 

VI0  -  0 . 2 SCb  Vnn 
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(3) 


Noise  Detailed  Analysis 

For  noise,  the  detector  averages  the  output  much  the 
same  as  for  CW  except  that  some  detected  AC  noise  appears  in  the 
output  along  with  the  DC  component.  When  the  output  bandwidth, 

Bq,  is  small  in  comparison  with  the  input  bandwidth,  Bj,  as  it 
was  in  the  experimental  setup,  the  AC  component  will  be  small  in 
comparison  to  the  DC  component  in  the  video  filter  output,  and 
only  the  DC  component  will  remain  as  the  output  bandwidth 
approaches  zero. 

Comparison  of  peak  values  of  noise  observed  on  the 
oscilloscope  with  RMS  values  measured  on  a  true-RMS  voltmeter 
during  the  experimental  measurements  indicated  that  a  peak-to-RMS 
ratio  (peak  factor)  of  3  would  include  nearly  all  of  the  observed 
peaks  both  before  and  after  the  detector.  The  noise  distribution 
before  the  detector  would  be  expected  to  be  Gaussian,  for  which 
a  peak  factor  of  3  has  a  probability  of  being  exceeded  0.1  percent 

4 

of  the  time.  The  noise  distribution  after  a  linear  detector  would 
be  expected  to  be  Rayleigh,  for  which  a  peak  factor  of  3  has  a 
probability  of  being  exceeded  0.01  percent  of  the  time  (See 
Section  3b  of  the  second  Quarterly  Report.)  The  measurement 
technique  should  measure  peak  amplitudes  corresponding  to  constant 
probability  with  the  result  that  a  lower  peak  factor  would  be 
expected  after  the  detector  than  before.  The  apparent  discrepancy 
is  the  result  of  the  greater  than  unity  detector  response  law 
(1.5S  in  the  experimental  setup)  which  tends  to  increase  the  peak 
factor  in  the  output  over  that  which  would  exist  if  the  response 
law  were  unity. 


4.  Bennett:  "Electrical  Noise:,  McGraw-Hill,  1960,  p.  44. 
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From  Section  3b  of  the  second  Quarterly  Report,  the 
noise  power  in  the  detector  output  is: 

PN0  -  b(CNPj)2  (25) 

where  b  is  given  by  Equation  (13)  and  N  i;  the  noise  power  per  unit 
bandwidth  at  the  input.  Converting  from  noise  power  to  noise 
voltage  in  a  system  with  the  same  impedances  as  used  previously 
for  CW  and  impulses,  the  peak  noise  output  voltage  is: 

VN0  =  C  VNI2  (26) 

where  is  the  peak  noise  input  voltage.  Generalising  to  an 

nth-law  detector.  Equation  (26)  becomes: 

VN0  =  C  ^  VNin  (27) 

where  n  is  the  detector  response  law. 

Assuming  a  linear  envelope  detector  and  that  has  a 

Rayleigh  distribution,  the  average,  or  DC,  component  in  the 
detector  output  is:2 


VN0/ DC 


/n7T  o 


(28) 


where  o  is  the  RMS  value  of  the  input  noise  voltage.  The  RMS 
value  of  V^.q  for  an  envelope  detector  before  filtering  is  via, 
which  includes  both  DC  and  AC  components.  The  RMS  AC  component 
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before  filtering  can  be  obtained  by  subracting  the  square  of  the 
DC  component  (proportional  to  DC  power)  from  the  square  of  the 
total  (proportional  to  total  power)  and  taking  the  square  root  as 
/2- (n/2)o .  The  effect  of  filtering  can  then  be  obtained  by 
multiplying  by  the  square  root  of  the  bandwidth  ratio,  ►'F,  and 
the  measured  output  peak  factor,  FpQ,  to  obtain: 

VN0/AC  '  Fpo/bC-CH/ZHa  C*) 


However,  the  experimental  detector  is  not  a  linear 
envelope  detector,  but  is  instead  an  nth-law  average  detector. 
Taking  the  envelope  versus  average  detector  problem  first,  an 
envelope  detector  assumes  peak  detection  with  storage  between 
peaks  so  that  the  envelope  has  a  higher  RMS  value  than  the 
original  wave.  This  is  reflected  in  the  usual  notation  for  the 
Rayleigh  distribution  by  the  RMS  value  of  the  distribution  being 
/I  times  the  RMS  value  of  the  input  waveform,  o.  The  peak-to-RMS 
ratio  for  a  sine  wave  is  also  ST.  For  an  average  detector,  the 
output  is  still  proportional  to  the  envelope  of  the  input  wave¬ 
form,  but  is  attenuated  to  reflect  the  average  value  instead  of 
the  peak  value.  Assuming  that  noise  behaves  in  the  detector  much 
like  a  sine  wave  of  equal  RMS  value,  the  derivation  of  Equation 
(23)  would  be  expected  to  apply  with  the  result  that: 
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where  is  the  RMS  value  of  the  input 
multiplied  by  /l,  results  in  the  peak  value 
sine  wave. 


noise  which,  when 
of  the  equivalent 


The  peak  noise  voltage  at  the  detector  output  after 
filtering  is  the  algebraic  sum  of  the  DC  and  peak  AC  components: 
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(31) 


Equation  (31),  by  making  use  of  the  concept  of  an 
equivalent  sine  wave, avoids  the  messy  problem  of  modifying  the 
Rayleigh  distribution  to  take  into  account  the  actual  detector 
characteristics .  Bracewell5  states  that  the  output 
envelope  from  a  square-law  detector  with  Gaussian  input  has  a 
truncated  exponential  distribution,  which  is  a  considerable 
change  from  Rayleigh.  The  envelope  from  an  nth-power  law 
detector  would  supposidly  have  somewhere  between  a  Rayleigh  and  a 
truncated  exponential  distribution.  In  spite  of  the  approximations 
involved,  the  equations  in  this  Section  agree  well  with  the  limited 
experimental  data  available. 


5.  R.  Bracewell  "The  Fourier  Transform  and  Its  Applications" 
McGraw-Hill,  1965,  p.  337. 
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(4)  Revised  Detector  Conversion  Response  Predictions 

The  significance  of  the  4.1  dB  difference  between  the 
values  of  detector  conversion  response  calculated  using  Equation 
(15)  and  the  experimentally  measured  values  is  now  apparent. 
Equation  (15)  ignores  the  DC  component  which  results  when  noise, 
or  any  other  signal  with  significant  energy  density  over  time, 
is  rectified.  The  revised  expression  for  the  noise-to-CW  response 
ratio  is  obtained  from  Equations  (23)  and  31)  as: 
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where  the  two  terms  in  parenthesis  are  the  DC  and  AC  output  noise 
components,  respectively.  Converting  to  decibel  relationships: 


20  loSlO  V 
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NO 


SO 


from  which 
20  log10  ^ 

1  vso 


where  VVT  and  V„, 
NI  SI 


For  the 


20  iOg10  (/an  *  Fp0  ^[2-('T/2)n 

+  n  (20  log10^-20  logl0VXI-20  log10VSI-20  log10Fpr) 
20  log10  (1.253*Fp0v-^!W) 

+  n  (3.0  *  *  Vgj  -  20  ^  p  j )  (33) 

are  in  peak  dBuV. 
experimental  setup: 


20  log10 


*  20  log  0  (1  .  253  +  3  429  (0.210) 

♦  1.55(3.0-20  log1Q  3+Vn j-Vsi) 

*  20  log  0(1.253  ♦  0.900)+l. 55(3. 0-9. S+VXI-VSI) 

=  6.7  +  4.6  -  14.7  +  1.5S(VXI-vsi) 

-  -3.4  ♦  1 .  5  5  (V'NI  -  V’SI )  dB 
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(34) 


For  equal  peak  noise  and  peak  CK  input,  Equation  (34) 
predicts  an  output  response  ratio  of  -3.4  dB  which  compares 
favorably  with  the  measured  value  of  -2.7  dB.  A  comparison  of 
several  measured  and  calculated  values  is  shown  in  Table  9. 

The  agreement  is  now  quite  close  throughout  the  range. 

The  ratio  of  DC-to-AC  noise  output  components  predicted 
by  Equation  (31)  is  also  in  reasonable  agreement  with  experimental 
values.  This  ratio  can  be  evaluated  using  values  from  the  first 
term  of  Equation  (34)  as  1.253/0.900  *  1.392.  During  the  measure¬ 
ments,  a  typical  composite  peak  noise  output  reading  of  0.18  volts 
was  noted  to  drop  to  0.10  volt  DC  when  the  output  low-pass  filter 
cutoff  frequency  was  reduced  from  100  kHz  to  20  Hz.  This  indi¬ 
cates  that,  of  the  0.18  volts  composite  peak  output,  0.10  volt 
was  DC  and  0.08  volt  was  peak  AC,  for  a  ratio  of  0.10/0.08  *  1.3. 
Similar  ratios  were  obtained  at  other  output  levels. 

The  impulse-to-CW  response  ratio  remains  unchanged  by 
the  detailed  analysis.  However,  the  same  problem  exists  as  existed 
for  the  noise-to-CW  response  ratio  in  that  the  DC  component  is 
ignored  by  Equation  (3).  This  will  not  cause  a  problem  as  long  as 
the  impulse  repetition  rates  are  small  in  comparison  with  the 
output  bandwidth  so  that  the  effect  of  one  impulse  has  died  out 
before  another  occurs.  Faster  impulse  repetition  rates  and 
smaller  output  bandwidths  will  eventually  entail  generation  of 
a  significant  DC  component.  The  additional  output  will  increase 
the  sensitivity  to  repetitive  broadband  emissions  and  have  to  be 
recognized  as  equivalent  to  a  reduction  in  specification  limits 
for  repetitive  as  opposed  to  singular  broadband  events  when 
writing  the  Broadband  Measurement  Specification  for  use  with  the 
Broadband  Measurements  System.  This  can  best  be  handled  by  having 
the  broadband  limit  apply  to  single  impulse  events  and  the  narrow- 
band  limit  apply  to  CW  with  the  understanding  that  everything 
else  will  fall  into  place. 
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Table  9. 

Revised  Noise/CW  Detector  Conversion  Response 


r  /v 

SI  SI 

Measured 

V  /V 

NO  SO 

Calculated* 

V  /V 
no'  SO 

Error 

0  db 

-  2.7  dB 

-  3.4  dB 

-  0.7  dB 

8 

9.6 

9.0 

-  0.6 

16 

22.0 

21.4 

-  0.6 

20 

28.0 

27.6 

-  0.4 

24 

34.4 

33.8 

-  0.6 

*  For  1.55-Law  Detector  using  Equation  (34). 
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b) 


Bandwidth  Factors 


Referring  to  the  experimental  measurement  system  block 
diagram  in  Figure  4,  both  the  pre -detection  and  post-detection 
filters  were  variable.  Measurements  were  made  as  the  filters 
were  varied  with  both  noise  and  impulses  as  inputs.  While 
measurements  were  not  actually  made  of  the  effect  of  bandwidth 
on  CW  because  the  data  would  be  trivial,  CW  was  used  as  a  cali¬ 
brating  signal  and  to  obtain  frequency  response  curves. 

Throughout  the  experimental  data,  the  cutoff  frequencies 
recorded  are  the  settings  of  the  Krohn-Hite  filter  dials  with  the 
filters  set  for  "flat  response"  as  opposed  to  "RC  response",  and 
are  nominal  3  dB  values.  The  pre-detection  filter  had  rated 
high-pass  and  low-pass  slopes  of  24  dB/octave.  The  post -detection 
filter  had  two  low-pass  sections  rated  24  dB/octave  synchronously 
tuned  to  give  an  overall  slope  of  48  dB/octave.  The  impulse 
bandwidths  were  not  measured  and,  in  the  calculations,  are 
assumed  to  be  the  same  as  the  nominal  bandwidths.  Impulse  band- 
widths  are  normally  somewhat  wider  than  3  dB  bandwidths,  but  since 
bandwidths  are  used  in  ratio  in  most  of  the  calculations,  the 
error  should  be  within  experimental  accuracy. 

Cl)  Effect  of  Bandwidth  on  Noise 

A  plot  of  the  effects  of  varying  band’  idths  on  white 
noise  is  shown  in  Figure  6.  The  pre -detect  ion  bandwidth  was 
left  fixed  at  900  k!lz  while  the  post-detection  bandwidth  was 
varied  from  100  kHz  down  to  20  Hz  to  obtain  the  Post -Detect  ion 
Filter  curves  on  the  left.  The  post -detect ion  low-pass  filter 
was  set  to  100  kHz,  and  the  pre-detection  low-pass  filter  varied 
from  1.0  MHz  down  to  150  kHz  to  obtain  the  Pre-Detection  Filter 
curves  on  the  right. 

Two  curves  were  obtained  as  the  result  of  varying  the 
post -detection  low-pass  filter  bandwidth.  The  first  was  measured 
on  a  DC-coupled  oscilloscope  and  represents  the  peak  value  of  the 
composite  AC  and  DC  components.  The  second  represents  the  peak 
AC  component  alone,  and  was  measured  with  an  AC-responding 
true-RMS  voltmeter.  The  RMS  readings  were  converted  to  peak 
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before  plotting  by  multiplying  by  the  experimentally  determined 
output  peak  factor,  Fpg>  3.  The  DC  component  alone  was  a 
constant  100  dBpV  (or  0.1  volt)  independent  of  bandwidth. 

The  ratio  of  peak  AC  to  DC  shown  by  the  Post -Detect ion 
Filter  curves  is  in  good  agreement  with  Equation  (21)  as  detailed 
in  the  preceeding  subsection.  Perhaps  even  more  important, 
the  slope  of  the  Peak  Value  of  the  AC  Noise  curve  is  almost  exactly 
10  dB/decade,  which  confirms  that  the  peak  AC  component  varies 
as  /F  in  agreement  with  Equation  (21)  and  the  derivations  in  the 
previous  Quarterly  Report  which  led  up  to  it. 

The  slope  of  the  Pre-Detection  Filter  curve  for  peak 
combined  noise  and  DC  is  also  10  dB/decade,  but  it  is  the  DC 
component  that  is  varying  rather  than  the  AC  component  that  had 
varied  in  the  Post -Detect ion  Filter  curves.  The  peak  AC  component 
stay  constant  until  the  low-pass  pre -detect ion  filter  stopband 
overlaps  the  high-pass  pre -detect ion  filter  stopband.  This  also 
is  in  agreement  with  the  /ET  term  in  Equation  (31)  which  requires 
that  the  output  AC  component  decrease  with  increasing  input  band¬ 
width  by  the  same  amount  that  the  input  noise  voltage  increases 
resulting  in  no  net  change  in  the  output  AC  component.  The  input 
noise  voltage  changes  with  bandwidth  at  the  rate  of  10  dB/decade 
because  the  curves  were  run  with  constant  input  noise  power  per 
unit  bandwidth.  This  is  reflected  directly  in  the  predominant 
DC  component  which  is  unaffected  by  output  bandwidth. 

The  RF  bandpass  characteristic  of  the  pre -detect ion 
amplifiers  and  filter  combined  is  plotted  in  Figure  6  for 
reference.  The  characteristic  reflects  an  overshoot  in  the 
amplifier  gain  which  occurs  just  before  the  gain  falls  off 
rapidly  above  2  MHz. 
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Effect  of  Bandwidth  on  Impulses 

The  effect  of  bandwidth  on  impulses  in  the  experimental 
measurement  setup  is  shown  in  Figure  7.  A  set  of  post -detection 
filter  curves  was  obtained  by  setting  the  pre -detect ion  filter 
for  a  0.1  to  1.0  MHz  passband  and  varying  the  post -detection 
low-pass  cutoff  frequency  from  2  MHz  (the  maximum  capability  of 
the  filter)  down  to  1  kHz  (where  the  signal  disappeared  into  noisel. 

Measurements  of  pos t -detec t ion* bandwidth  effects  were 
made  both  with  the  detector  in  the  circuit  and  with  the  detector 
removed,  leaving  the  rest  of  the  system  unchanged.  The  curve 
obtained  without  the  detector  shows  direct  feedthrough  of  impulses 
changing  level  at  the  expected  rate  of  20  dB/decade  in  the  region 
between  0.2  and  1.0  MHz  where  the  passbands  of  both  filters  over¬ 
lap.  The  rolloff  in  the  pre -detect  ion  filter  just  begins  to 
show  up  between  1  and  2  MHz.  Below  0.2  MHz,  the  rolloff  due  to 
the  pre-detection  filter  is  quite  pronounced  and  the  signal 
disappears  into  noise  at  about  50  kHz. 

Adding  the  detector  reduces  the  output  level  in  the 
feedthrough  region  between  0.1  and  1.0  MHz  because  of  the  loss 
in  the  detector.  However,  there  is  now  output  below  0.1  MHz 
which  did  not  exist  without  the  detector.  This  graphically 
illustrates  the  concept  of  detector  conversion  response  in  which 
a  spectrum  centered  at  some  high  frequency  is  converted  to  a 
spectrum  centered  around  zero  frequency.  Interestingly,  the 
noise  was  so  reduced  by  the  detector  that  the  output  with 
detector  was  measureable  into  noise.  Also  interestingly,  there 
is  no  discontinuity  in  the  output  with  detector  as  the  output 
filter  passes  out  of  the  feedthrough  region.  The  former 
illustrates  the  signal -to-noise  (S/N)  improvement  in  3  high-law 
detector  (an  8  dB  S/N  output  for  Tgs  in  a  square-law  detector, 
for  example,  requires  an  input  S/N  of  only  4  dB.')  The  latter 
implies  that  direct  feedthrough  will  not  interfere  with  the 
measurement  of  detected  impulses. 
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Without  Detector 


IK)  kHz,  Input  =  120.0  dltyV/MHz 


The  slope  of  the  detected  output  level  versus  the 
post-detection  filter  bandwidth  is  exactly  20  dB/decade.  This 
agrees  nicely  with  Equation  (13)  which  requires  that  the  impulse 
response  vary  directly  with  the  bandwidth  ratio,  b. 

The  remaining  curves  in  Figure  7,  illustrating  pre¬ 
detection  filter  effects,  caused  some  consternation  when  they 
were  first  plotted.  These  curves  were  obtained  by  leaving  the 

post -detection  bandwidth  fixed  at  DC  to  10  kHz  and  varying  the 

«» 

pre-detection  bandwidth.  The  first  curve  plotted  left  the  high- 
pass  cutoff  fixed  at  100  kHz  and  varied  the  low-pass  cutoff  from 
3  MHz  down  to  100  kHz.  The  response  started  dropping  off  rapidly 
somewhat  before  the  lower  band  edge  was  reached,  but  then  perhaps 
the  filter  wasn't  too  accurate.  Then  the  high-pass  cutoff  was 
moved  down  to  10  kHz  and  a  second  curve  plotted.  This  time 
there  was  no  question  of  filter  accuracy.  The  response  fell  off 
almost  as  fast  as  before  and  had  dropped  into  noise  long  before 
the  band  edge  was  even  approached.  Also,  the  flatness  at  the 
upper  ends  of  the  curves  was  suggestive  of  saturation,  but  care 
had  been  exercised  to  avoid  saturation. 

The  effects  noted  are  a  surprisingly  illuminating 
confirmation  of  Equation  (24).  This  equation  when  re-written  in 
decibel  relationships,  without  the  unimportant  (here)  detector 
constant  0.25C,  is: 


VIO  =  20  log10b  +  1'5oVII 


■  2°  iof10  .  l.SS  V„ 

l  Bo  J 


where  Yjj  is  the  peak  impulse  input  voltage  in  dBY.  Taking  a.  an 
arbitrary  input  level  an  impulse  signal,  I,  of  1."  Y 'MHz  in  an 
input  band  from  0.10  to  3.00  MHz  for  which  Y  ^  ^  =  I F  j  =  1  .  °  .  3  .  on  - .  l  r  ■> 
*  2.00  volt,  a  reference  output  for  comparing  calculated  3nd 
measured  data  is : 
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VI0  =  20  log 


10 


(o.oi)  (2.90)  -o.oooij 


2.9CT 


♦  1.55  (20  log1Q  2.90) 

*  20  logl0(6.88  x  10'3)  +  1.55  (9.2) 

*  -43.2  +  14.3 

=  -28.9  dBV 

Values  of  Vjq  with  a  constant  arbitrary  1.0  V/MHz  input  impulse 
are  shown  in  Table  10  for  several  input  low-pass  filter  cutoff 
frequencies  pertinent  to  Figure  7.  Using  the  3  MHz  low-pass 
cutoff  values  as  references,  the  change  in  Vjq  as  the  low  pass 
cutoff  frequency  is  reduced  were  then  tabulated  for  comparison  with 
the  corresponding  measured  changes  and  plotted  as  dashed  lines  in 
Figure  7. 

There  is  excellent  similarity  between  the  calculated 
ar.d  measured  Pre  -  Detect  ion  Filter  curves  for  the  100  kHz  high-pass 
condition.  The  differences  are  somewhat  greater  for  the  10  kHz 
high-pass  condition,  but  the  important  characteristic  of  in¬ 
creasing  slope  as  bandwidth  decreases  is  there.  The  measured 
curves  are  somwhat  flattened  at  their  upper  ends  by  the  Electro- 
International  AW-203  amplifier  frequency  response  which  peaks  by 
a  couple  of  dB  around  1  MHz  and  then  is  down  by  3  dB  at  2.5  MHz. 

At  the  lower  ends,  the  detector  response  law  may  be  increasing 
toward  square-law,  or  even  higher  as  diode  conduction  ceases. 

The  lower-end  levels  are  close  to  noise  and  below  those  used  in 
Figure  5  to  establish  the  1.55-law  for  the  experimental  detector. 


Table  10. 

Effects  of  Pre-Detection  Filtering  on  Impulse  Response 


Pre-Detection  High-Pass  Filter  Cutoff  Frequency  »  100  kHz 


Pre-Detection  Filter 

Low-Pass  High-Pass 

Cutoff  Cutoff 

Bandwidth 

Bl 

★ 

b  VII 

1.55 

VII 

vio 

Change  In 

V  RE : 3MHz 

Ca Iculated 

Measured 

3.0  MHz 

0.10  MHz 

2,90  MHz 

-43 . 2dB  9 . 2dBV 

14 . 3dBV 

-28 . 9dBV 

0  dB 

0  d3 

2.00 

0.10 

1.90 

-39.6  3.6 

8.7 

-30.9 

-  2.0 

0 

1.00 

0.10 

0.90 

-33.1  -  0.9 

-  1.4 

-34.5 

-  5.5 

-  3 

0.50 

0.10 

0.40 

-26.1  -  8.0 

-12.4 

-38.5 

-  9.6 

-  Q 

0.20 

0.10 

0.10 

-14.4  -20.0 

-31.0 

-45.4 

-16.5 

1 

o 

Pre-Detection  High-Pass  Filter  Cutoff  Frequency  *  10  kHz 


Pre-Detection  Filter 

b 

* 

VII 

1.55 

VII 

< 

o 

Change  In 

V  RE:  3  MI 

Low-Pass 
Cutof  f 

High-Pass 

Cutoff 

Bandwidth 

BI 

Calculated 

Measured 

3.00  MHz 

0.01 

2.99  MHz 

-43 . 5dB 

9 . 5dBV  14 . 7dBV 

-28 . 8dBV  0  dB 

0  dB 

2.00 

0.01 

1.99 

-40.0 

6.0 

9.3 

-30.7 

-  1.9 

0 

1.00 

0.01 

0.99 

-33.9 

-  0.1 

-  0.2 

-34.1 

-  5.3 

0 

0.50 

0.01 

0.49 

-27.9 

-  6.2 

-  9.6 

-37.5 

-  8.7 

-  3 

0.20 

0.01 

0.19 

-19.8 

-14.4 

-  22.3 

-42.1 

-13.3 

-10 

0.10 

0.01 

0.09 

-13.6 

-20.9 

-  32.4 

-46.0 

-17.2 

-28 

Note:  Bq  »  0.10 

MHz 

*  Arbitrarily  chosen 

as  equivalent 

to  I  -  1 

V  'MHz. 
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Broadband  Measurement  Svstem  Conclusions 


A  system  for  performing  broadband  measurements  of  EMI  over 
the  range  from  below  14kHz  to  above  10  GHz  in  five  bands  without  tuning 
has  been  shown  to  be  physically  realisable.  The  output  indication 
from  such  a  system  would  be  in  units,  such  as  decibels,  relative 
to  some  specification  limit.  This  i^nlies  that  a  threshold  detector 
set  at  the  specification  limit  would  produce  a  go/no-go  indication 
of  the  passage  or  failure  of  an  EMI  test  of  the  general  type 
presently  required  by  MIL-STD-461.  For  such  an  indication  to  be 
meaningful  without  prior  knowledge  of  the  nature  of  the  emissions, 
all  of  the  ramifications  of  the  measurement  specification  must  be 
incorporated  into  the  measurement  hardware.  This  will  be  possible 
only  if  a  new  Broadband  Measurement  Specification  is  written 
around  measurement  hardware  designed  to  meet  certain  specific 
criteria . 

The  first  criteria  of  importance  is  frequency  response. 

The  Broadband  Measurement  System  is  realisable  with  flat  frequency 
response  to  conducted  emissions  over  the  range  14kHz  (or  below)  to 
10  GHz  (and  above)  ,  This  flat  conducted  response  can  then  be  translated  to 
radiated  response  by  super impos ing  broadband  antenna  factors 
which,  because  of  physical  limitations  on  antennas,  will  dictate 
the  shape  of  the  speci f ic at  ion  curves  for  radiated  emissions.  At 
the  present  state-of-the-art,  antennas  may  be  physically  realized 
with  flat  antenna  factors  up  to  100MHz  (active  antennas)  and  with 
antenna  factors  which  increase  at  the  rate  of  6dB/octave  (constant 
gain)  above  100MHz.  Once  band  edges  have  been  established  (the 
band  edges  in  the  hypothetical  Broadband  Measurement  System  occur 
at  14Khz,  0.1,  1,  4,  7  and  10GHz),  they  will  have  to  be  standardized 
so  that  consistent  results  can  be  obtained  when  measuring  broadband 
emissions  which  overlap  the  band  edges. 

The  second  criteria  f  importance  is  the  ratio  of  narrow- 
band  to  broadband  responses.  This  ratio  can  be  specified  for  CK 
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and  impulse  signals  and  controlled  by  adjusting  the  ratio  of  pre¬ 
detection  to  post-detection  bandwidth  in  a  crystal  -  video  receiver. 
The  approximate  bandwidths  required  can  be  calculated  using  equa¬ 
tions  presented  herein.  The  actual  system  must  incorporate  adjust¬ 
able  post -detection  bandwidths  so  that  thresholds  can  be  accurately 
set  to  CW  and  impulse  signals  during  calibration.  The  responses 
to  other  types  of  signals  should  then  fall  into  place.  Digital 
filtering  in  a  microcomputer  would  be  ideal  for  the  final  band¬ 
width  adjustment. 

The  third  criteria  of  importance  is  dynamic  range.  The 
Broadband  Measurement  System  should  accept  any  type  of  signal  for 
which  there  is  a  narrowband  or  broadband  specification  limit,  at  the 
level  corresponding  to  the  limit,  without  saturation.  Failure  to 
do  so  will  result  in  the  system  ignoring  emissions  which  exceed 
the  limit.  Current  technology  in  the  area  of  low-l/f -noise 
Schottky-diode  detectors  is  such  that  this  criteria  can  probably 
be  met  for  the  worst  case  (impulses)  with  r=20dB  up  to  1GHz,  which 
is  as  high  in  frequency  as  current  MIL-STD-461  carries  broadband 
limits.  Above  1GHz,  the  system  saturation  point  should  be  standard¬ 
ized  so  that  consistent  measurements  can  be  made  with  varying 
hardware  embodiments  on  marg inal ly- broadband  emissions. 

While  the  three  basic  criteria  outlined  above  are  of 
primary  importance,  secondary  criteria  such  as  sensitivity,  false 
alarm  rate  (primarily  a  problem  of  adequate  signal - to-noise  ratios, 
can  be  reduced  by  microcomputer  analysis)  and  accuracy  (continuous 
automatic  calibration  is  recommended)  are  also  important.  A 
breadboard  Broadband  Measurement  System  should  now  be  assembled, 
and  tested  to  demonstrate  feasibility. 
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EVALUATION  OF  MIL-STD-461A  LIMITS  AND  MEASUREMENT  PROCEDURE 


1 )  Background 

There  are  twenty-four  separate  EMI/EMC  tests  that  are 
required  by  MI L - STD- 461A.  Not  all  of  the  twenty-four  tests  are 

required  for  all  classes  of  equipment.  There  are  four  major  class 
divisions  of  equipments  defined  by  MIL-STD-461A.  They  are:  Class  I, 
Communications  and  Electronics  (C5G)  Equipments;  Class  II,  Non 
Communication  Equipments;  Class  III,  Vehicle  and  Engine -Dr iven 
Equipment;  and  Class  IV,  Overhead  Power  Lines.  Each  of  the  classes 
are  divided  into  sub  classes  with  the  exception  of  Class  IV.  For 
the  work  being  performed  in  this  contract,  the  class  of  equipment 
category  that  describes  the  type  of  equipment  under  consideration 
is  Class  IIIA.  This  class  would  cover  tanks,  armored  personnel 
carrier,  shelters,  helicopters,  etc.  All  of  the  equipment  that 
would  be  installed  within  the  Class  IIIA  System  would  be  either 
Class  T  or  Class  II  types. 

2)  Class  IIIA  Systems 

Of  the  twenty- four  MIL-STD-461A  tests  only  two  are  required 
for  Class  III  A  equipments.  They  are  CEOS  (.02  to  SOMHI  and  RE05 
(1S0KHZ  to  1GHZ).  These  two  tests  measure  the  impact  that  the 
system  has  on  the  environment.  There  is  no  provision  for  suscepti¬ 
bility  testing  or  for  intra-system  EMI/EMC  testing  under  MIL-STD- 
461A.  The  type  of  testing  required  for  Class  III  A  equipments 
CEOS  and  RE05  lends  itself  well  to  automated  and  broadband  measure¬ 
ment  techniques  for  testing. 

3)  Class  I  and  Class  II  Equipments 

The  class  III  A  will  contain  any  number  of  Class  I  and 
Class  II  equipments.  The  Class  I  equipments  are  communication 
electronic  types  and  will  include  receiver,  transmitter,  test 
equipment,  computers,  etc.  Class  II  equipments  are  non  communication 
electrical  equipment  such  as  power  supplies,  motors,  power  tools, 
pumps,  heaters,  etc.  Each  Class  I  and  Class  II  equipment  is  tested 
in  accordance  with  MIL- STD- 461A.  Table  11  lists  all  of  the  MIL- STD- 
461A  measurements  required  for  Class  I  and  Class  II  equipments.  In 
order  to  perform  an  adequate  IEMCAP  or  similar  analysis  program  on 


Table  11.  MIL-STI>-461A  Requirements  for  Class  I  and  Class  II  Equipments 


MIL-STD-461A  TEST 

REQUIRED  FOR  EQUIPMENT 

REMARKS 

CLASS  I 

CLASS  11 

CgOl:  Conducted  Emlaalon 

Power  Leeds:  30  Hz  -  20  UU 

YES 

NO® 

(T)  Yea  for  power  euppllee,  heaters,  and 
tome  tools. 

CE02:  Conducted  Emits loo 

Control  end  Signal  Leeds:  30  He  -  20  UU 

YES 

NO® 

CEO 3:  Conducted  Emission 

Power  Leeds:  20  UU  -  30  MU 

YES 

YES 

CEQ4:  Conducted  Emission 

Control  snd  Signal  Leeds:  20  kits  -  30  HU 

YES 

NO® 

CE03:  Conducted  Emission 

Inverse  Filter  Method:  30  H*  -  30  HU 

YES 

YES 

_  — -  •  -  “f 

So  for  vehicle  acceteories. 

CE06:  Antenna  Terminal  Emissions: 

10  UU  -  12.4  CHs 

YES  ® 

NC 

Ho  for  nonantenna  equipment. 

CS01:  Power  Lead  Susceptibility: 

30  tit  -  30  kits 

YES 

NO 

CS02:  Power  Leed  Suscepclblllty: 

30  kits  -  tOO  MHz 

YES 

NO 

CSQ3:  Conducted  Susceptibility 
Intermoduletlon:  30  Hz  -  10  CHz 

YES  ® 

NO 

Q  So  for  tranamltter  and  ncmantenna 
equipments. 

CS04:  Conducted  Susceptibility 

Rejection  of  Jndssirsd  Slgnel 

(Two  Slg.  Sen.  "ethod) :  30  Hz  -  10  CHz 

YES® 

NO 

CS03:  Conducted  Susceptibility 

Crose  Modulation:  30  Hz  -  10  CHs 

YES® 

NO 

_ 

CS06:  Conducted  Susceptibility 

Spike  Power  Leede: 

YES 

NO 

CS07:  Conducted  Sueceptlblllty 

Squelch  Circuits: 

YES® 

NO 

(?)  So  for  transmittlne  equipment  -  applle* 
to  receiver*  with  equelch  circuit*  only. 

CS05:  Conducted  Sueceptlblllty 

Rejection  of  Undeelred  Slgnel 

(One  Slg.  Cen.  Method):  30  Hs  -  10  CHs 

YES® 

NO 

RE01 :  Radiated  Emission 

Magnetic  Field:  30  Hs  -  30  UU 

YES® 

0 

o 

^  No  for  nonantenna  equipment*. 

R£02:  Radiated  Emission 

Electric  Field:  14  kHz  -  10  CHz 

YES 

YES 

RE03;  Radiated  Emission 

Spurious  snd  Harmonics  Radiated 

Technique:  10  kHz  -  40  CHs 

YES  ® 

NO 

^  Appile*  to  transmitting  equipment  only. 

RIO* t  Radiated  Emission 

Magnetic  Field:  20  Hz  -  30  UU 

YES  ® 

NO® 

RIOS:  Radiated  Emission 

Vehicles  and  Engine-Driven  Equipment: 

130  UU  -  1  CHs 

NO 

NC 

RI06:  Radiated  Emission 

Overhead  Power  Line  Test 

NO 

NO 

RS01:  Radiated  Sueceptlblllty 

Magnetic  Field:  30  Hr  -  30  UU 

YES 

NO 

RS02:  Radiated  Sueceptlblllty 

Magnetic  Induction  Field 

YES 

NC 

RS03:  Radiated  Sueceptlblllty 

Electric  Field:  14  UU  -  10  CHs 

YES 

NO 

RS04:  Radiated  Susceptibility 

Electric  Field:  !4  UU  -  30  HU 

YES 

NO 

* 


a  Class  III  A  equipment,  data  from  some  of  these  tests  should  be 
available  as  data  inputs.  Table  12  lists  the  MIL-STD-461A  tests 
now  used  by  IEMCAP  as  data  inputs.  It  also  evaluates  the  suit¬ 
ability  of  applying  an  automated  or  broadband  measurement  technique 
to  the  measurement  procedures  to  produce  this  data. 

4)  Intra  System  Testing  and  Analysis 

The  EMI/EMC  analysis  of  a  Class  III  A  equipment  may  begin 
during  its  design  stages;  even  as  early  as  concept  design.  The 
EMI/EMC  data  requirements  for  the  individual  Class  I  and  Class  II 
equipments  to  be  part  of  the  Class  III  A  equipment  will  be  defined 
by  the  requirements  of  the  EMI/EMC  Analysis  system  to  be  used. 

If  IEMCAP  is  used  then, as  a  minimum  the  data  listed  in  Table  12  as 
IEMCAP  inputs  should  be  known  for  the  analysis.  Once  the  EMI/EMC 
analysis  is  run  then  design  decision  may  be  made  with  respect  to 
equipment  selection,  placement  and  installation.  The  analysis 
will  identify  critical  positions  and  frequencies  within  the  system. 
From  the  results  of  the  analysis  an  EMI/EMC  intra-system  test  plan 
may  be  written  for  the  equipment  in  its  final  configuration.  The 
test  plan  will  concentrate  on  identified  problem  areas  and  will 
not  necessarily  be  held  to  MIL-STD-461A  limits.  Automated  and/or 
broadband  measurement  techniques  shall  be  utilized  to  expedite  the 
measurement  program.  The  results  of  the  measurement  program  will 
not  be  how  well  emission  levels  compare  to  some  limit  level  but 
rather  that  the  emission  levels  are  below  the  threshold  suscepti¬ 
bility  level  of  any  equipment  in  the  overall  system.  This  will 
allow  the  tailoring  of  the  intrasystem  tests  and  limits  to  condition 
revealed  in  the  analysis  phase  of  the  EMI/EMC  design.  The  analysis 
could  also  serve  as  the  determining  factor  as  to  which  MIL-STD- 
461  A  tests  should  be  run  on  new  class  1  and  class  II  equipments 
to  be  part  of  the  system  and  which  limits  for  the  particular  test 
could  be  relaxed. 
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Table  12.  MIL-STD-461A  Data  Use  In  IEMCAP  and  Measurement  Technique  Evaluation. 


MIL-STD-441A  TUT 

R£QUXR£r  A3 
IEMCAP  INPUT 

MEASUUMENT  TECHNIQUE 

COST  AMO 

DIFFICULTY 

AUTOMATED 

ftMOAOftAMD 

CTOl:  Conducted  tmlaaloe 

Power  Lead a:  30  IU  -  20  UU 

NO 

YES 

YES 

LON 

Ct02:  Cooduct od  UlulM 

Coocrol  end  Signal  Leeds :  30  Ms  -  20  UU 

YES 

YES 

YES 

LON 

CC03:  Conducted  Cole sloe 

Power  Leeds:  20  UU  -  SO  NU 

YES 

YES 

YES 

LON 

Cl 04:  Conducted  Emission 

Control  end  Signal  Leeds:  20  UU  -  SO  MH« 

YES 

YES 

YES 

LON 

CIO 3:  Conducted  Emission 

lovers#  filter  Method:  30  Is  -  SO  MHa 

NO 

NO 

NO 

HIGH  * 

<304:  Antenna  Terminal  Emissions: 

10  UU  *  12.4  OU 

YES 

YES 

YES 

MEDIUM 

CS01:  power  Lead  Susceptibility: 

30  Ms  *  SO  UU 

YES 

YES 

NO 

LON 

<302:  Power  Lead  Susceptibility: 

SO  UU  *  400  Wit 

YES 

YES 

NO 

LON 

CS03:  Conducted  Susceptibility 

Intermodul scion:  30  Hr  -  10  CMt 

NO 

NO 

NO 

HIGH 

004:  Conducted  Susceptibility 

Rejection  of  Undesired  Signal 

(Two  Slg.  Can.  Method):  30  Hs  -  10  QU 

NO 

NO 

NO 

HIGH 

QOS:  Conducted  Susceptibility 

Cross  Modulation:  30  Hs  -  10  CHS 

NO 

NO 

NO 

MEDIUM 

<306:  Conducted  Susceptibility 

Spike  Power  Leeds: 

NO 

YES 

YES 

LON 

(307:  Conducted  Susceptibility 

Squelch  Circuits: 

NO 

NO 

NO 

LON 

CS0S:  Conducted  Susceptibility 

Rejection  of  Undeelred  Signal 

(One  Slg.  Cert.  Method):  30  H*  -  10  QU 

NO 

YES 

NO 

MEDIUM 

>101:  Radiated  Emission 

Magnetic  Plaid:  30  Ns  -  30  UU 

NO 

YES 

YES 

LON 

RE02:  Radiated  Emission 

Electric  Plaid:  14  UU  -  10  CHs 

YES 

YES 

YES 

MEDIUM 

RXQ3:  Radiated  Eeleeloa 

Spur Iowa  and  Harmonica  Rad Lot od 

Technique:  10  UU  -  40  CMt 

NO 

YES 

YES 

HIGH 

RE 04:  Radiated  Emission 

Magnetic  Field:  20  Ms  -  50  UU 

NO 

YES 

YES 

LON 

AtOS:  Aa4l«t*4  laUilan 

V.Mcl*.  in i  tngln.-Dr  1  v.n  l^ulpaant: 

ISO  kill  -  1  CM« 

NO 

YES 

YES 

MEDIUM 

HOI:  U4Ut*4  laliiln 

Ov*rlM«4  iMr  Um  Tmi 

NO 

YES 

YES 

LON 

RSOI:  Radiated  Suaceptlbillcy 

Magnetic  Plaid:  30  Ha  -  30  UU 

NO 

SEMI 

NO 

LON 

if 02:  Radiated  Susceptibility 

Magnet lc  Induction  Plaid 

NO 

SEMI 

NO 

LON 

RS03:  Radiated  Susceptibility 
«J act ric  Plaid;  U  Ule  -  10  OU 

YES 

SEMI 

NO 

HIGH 

M04:  4.41.1.4  laittflllllllf 

Umiiu  f  1.14:  II  Hi  ■  N  Mi 

YES 

SEMI 

NO 

MEDIUM 

•  IlMillr  ^wltrae  la  1  In  il  C*01,  dOl,  B01,  mi  CtOi , 
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4.  WORK  PLANNED  FOR  THE  FOURTH  QUARTER 

In  the  fourth  quarter  a  number  of  technical  areas  of 
investigation  must  be  completed.  This  will  include  the  review  of 
measurement  techniques  and  instrumentation  for  frequencies  above 
10  GHz,  description  and  evaluation  of  existing  automated  EMI /EMC 
test  systems  and  the  completion  of  the  evaluation  of  the  MIL-STD- 
461A  limits  and  MIL-STD-462  test  procedures.  The  results  of  this 
work  will  be  combined  with  the  work  done  in  the  eariler  quarters 
of  this  contract  in  a  final  technical  report.  The  report  will 
also  contain  a  review  of  all  the  goals  of  the  contract  and  how 
well  they  were  met. 
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